In angiosperms, each subunit of these dimeric cytoplasmic photoreceptors consists of an apoprotein of 120-130 kDa
Introduction
and active (Casal et al., 1997; Yanovsky et al., 1998) in light-grown tissues. The Phytochromes are red light ( R)/far-red light (FR) photoreceptors present in land plants, green algae and bacteria.
other phytochromes (called 'stable' phytochromes) do not were incubated in darkness at 25°C for 7-10 d after the show the same extent of regulation of mRNA and protein induction of seed germination, and subsequently exposed to levels as phyA (Hirschfeld et al., 1998) et al., 1996; Casal et al., 1997) .
in darkness and transferred to the light or dark treatments for 1 week before growth and anthocyanin determinations.
The phytochrome family in conifers could also comprise
For immunochemical studies, 1-week-old seedlings of oat and three divergent lineages (Mathews et al., 1995 ; Mathews cucumber were exposed to 0-6 h of R.
and Sharrock, 1997 been documented in coniferous (Scharff, 1962) .
Compared to angiosperms the degree of etiolation is
Phytochrome extraction procedure relatively poor in most gymnosperms (Chinn and Extraction and resuspension buffers were prepared as described by Tokuhisa and Quail (1987) with minor modifications. Prior Silverthorne, 1993; Mukai et al., 1992) . To the best of to use, 2 mg ml−1 aprotinin, 1 mg ml−1 leupeptin and 1 mg ml−1 this work was to investigate whether functions typical of phyA have a counterpart in two gymnosperm species
Immunoblot analysis during the transition from darkness to light.
Samples were subject to SDS-PAGE in 7.5% resolving and 4% stacking acrylamide gel in Mini Protean II Cells (Bio-Rad ).
Materials and methods
Pre-stained b-galactosidase and fructose-6-phosphate kinase were used as molecular mass markers. The proteins were blotted Plant material and growing conditions onto a nitrocellulose membrane (Sigma) using a MilliBlot-SED transfer system (Millipore, MBBDSDE00) at 80 mA constant Seeds of P. menziesii (Mirb.) or P. elliottii (Engelm) were stratified on cotton moistened with distilled water in plastic current for 45 min. The blot was blocked with TBS containing 0.1% Tween and boxes (25×15 cm2, 2.5 cm height) for 3 weeks at 7°C in darkness. The seeds were transferred to cylindrical (4 cm 5% skimmed milk pH 7.4. The primary monoclonal antibody was LAS 32 raised in mouse against oat phyA (Holdsworth, diameter, 9 cm high) or cubic (15×15 cm2, 15 cm height) transparent plastic boxes for physiological or inmunological 1997). The serum was diluted 1/20 in TBS containing 1% skimmed milk, pH 7.4. The nitrocellulose membrane was analysis, respectively. The boxes were incubated in a chamber providing alternating temperatures (15 h at 20°C and 9 h at incubated with the primary antibody at room temperature for 2 h or longer at 4°C. The membrane was washed using TBS, 30°C ) and a photoperiod of 16 h (80 mmol m−2 s−1, from fluorescent tubes, F20T12/CN, 20 W, 3J, Philips, USA) for 2 d 0.1% Tween. The blots were then incubated with goat antimouse antibody conjugated with alkaline phosphatase (Sigma) to induce germination. For growth and anthocyanin experiments, the seeds were then incubated in full darkness at 25°C at room temperature. The enzyme substrate system containing 5-bromo-4-chloro-3-indolyl phosphate (tablets) and nitroblue for 5-7 d and exposed to different light-dark treatments for 1 week. In the experiments where immunochemically detectable tetrazolium (tablets) was prepared according to the manufacturer's specifications (Sigma). After development the reaction phytochrome is compared in dark-grown and light-grown seedlings, the seedlings remained under alternating temperatures was stopped by extensive washing with distilled water and airdried. Blots were stored wrapped in plastic film. Band intensity (20-30°C ) after the 2 d used for the induction of germination, either covered or exposed to the 16 h photoperiod of fluorescent in Western Blot was quantificated by using a Peltier-cooled CCD camera/imager system (Fluor-S MultiImager, BioRad, white light. In the experiments where the kinetics of the inmunochemically detectable pool was investigated the seedlings Hercules, California, USA). 
Results
Exposure of etiolated seedlings to continuous FR Phytochrome-enriched extracts from dark-grown P. mencaused de-etiolation responses. In P. menziesii and P. ziesii and P. elliottii seedlings showed cross-reaction with elliottii FR increased anthocyanin content and the length the monoclonal antibody LAS32 developed against phytoof the cotyledonary whorl, but caused no hypocotyl chrome from etiolated oats (Fig. 1A) . One band was growth inhibition (Fig. 4) . Actually, a promotion was detected in P. elliottii and two bands of slightly different observed in P. elliottii. Angiosperm seedlings were used mobility were observed in P. menziesii. The apparent for comparative purposes. In cucumber, FR caused a molecular mass was 120-125 kDa, compared to approxistrong inhibition of hypocotyl growth, and increased mately 124 kDa in oats and cucumber.
cotyledon length and anthocyanin levels. In oats, FR The phytochrome signal detected with the LAS32 antifully arrested the growth of the mesocotyl, promoted the body was severely reduced in 2-week-old light-grown growth of the first leaf, but had no statistically significant seedlings of P. menziesii and P. elliottii ( Fig. 1B) . After effects on anthocyanin content (Fig. 4) . 6 h exposure to continuous R, phyA was barely detectable Reciprocity failure is characteristic of the responses to FR both in dicotyledoneous (Schäfer et al., 1981) and grass seedlings (Casal et al., 1996) . The effects of continuous FR on cotyledon growth in P. elliottii and anthocyanin content in P. menziesii were significantly larger than the effects of hourly pulses of FR (at equal total fluence than continuous FR) ( Fig. 5A) . In turn, hourly R or FR pulses caused similarly small effects (Fig. 5B) .
To investigate the correlation between the levels of immunochemically detectable phytochrome and the extent of response to continuous FR, P. menziesii seedlings were incubated either under R or in darkness for 24 h and immediately transferred to 7 d of continuous chrome pool decays with a half-life of approximately 4 h in both P. menziesii and P. elliottii ( Fig. 3 ). This decay is slower than that typically observed for phyA in angio-FR or darkness (in factorial combination with the R or dark pre-treatment). The 24 h pre-treatment with R was sperms with a half-life of destruction of 1-2 h (Clough and Vierstra, 1997). At least in dicots all other phytoused to reduce the levels of immunodetectable phyA (see Fig. 3 ). The seedlings pre-treated with R failed to respond chromes are significantly more stable in the Pfr form than phyA, although not necessary fully stable (Hirschfeld et to the subsequent continuous FR treatment ( Fig. 6) . al., 1998; Somers et al., 1991) . In P. elliottii. 30-40% of the original pool remained after 48 h in continuous R.
Discussion
Dark-grown seedlings of P. elliottii and P. menziesii showed de-etiolation responses under continuous FR. Dark-grown seedlings of two conifer species, P. elliottii and P. menziesii, possess a pool of phytochrome that Both, the length of the cotyledons and the content of anthocyanins extracted from the hypocotyls increased in cross-reacts with a monoclonal antibody developed against oat phyA ( Fig. 1A) . The abundance of this pool response to FR. In agreement with the previous observation by Fernbach and Mohr (1990) in Pinus sylvestris, is significantly reduced in light-grown conifer seedlings of the same age ( Fig. 1B) . When dark-grown seedlings are hypocotyl growth was not inhibited by continuous FR. In angiosperms, the dramatic decay in the abundance during de-etiolation and the ability to mediate responses to FR are characteristic for phyA. Both features are also present in P. elliottii and P. menziesii. Thus, rudimentary aspects of the phyA function are present in these species. This could indicate that conifers bear a PHYA gene or that unrelated members of the gene family have converged to fulfil a common function. The observation that gene sequences relatively close to angiosperm PHYA are present in gymnosperms (Mathews and Sharrock, 1997) favour the first interpretation. 
